The title com pounds have been prepared by arc-melting cold-pressed pellets of the elem en tal components. They crystallize with a new structure type, which was determ ined from single crystal X-ray diffractom eter data of Th2N iB 1(): Pbam, a = 564.6 (2) 911 F values) . The lattice of these ternary borides may be derived from that of ThB6 (Th2B12) with the cubic CaB6 type structure by replacing two of the linking boron atoms of adjacent B6 octahedra by a transition metal atom.
Introduction
The structural chemistry of borides is most fasci nating. In borides with high metal content the bo ron atoms are isolated from each other. With increasing boron content the boron atoms form pairs, chains, bands, nets, and finally three-dimensionally infinite boron frameworks [1] [2] [3] [4] . In the ThB4 type structure the boron atoms form octa hedra, which are linked via b o ro n -b o ro n bonds in one dimension and via boron pairs in the other two dimensions [5] . In the cubic CaB6 type struc ture B6 octahedra are connected by b o ro n -b o ro n bonds in all three dimensions [6] . The compounds reported here have a structure, which is very closely related to that of CaB6(Ca2B 12). It can be derived from that structure by replacing one sixths of the boron atoms by a transition metal atom (Fig. 1) .
Sample Preparation and Lattice Constants
The starting materials were powders of the tran sition metal elem ents with nominal purities of at least 99.9%, boron powder (>99.7%) and ingots of thorium (>99.9%). Filings of thorium were pre pared under dry (Na) paraffin oil, which was washed away by repeated treatm ent with dry n-hexane prior to the reactions. The compounds * Reprint requests to W. Jeitschko.
were prepared from the elemental com ponents by arc-melting cold-pressed pellets of atomic ratios T h :N i:B = 1:2 :6 and T h :(F e,C o ):B = 2:3:15 in an atmosphere of purified argon. The samples were wrapped in tantalum foil and annealed in evacuated silica tubes for 10 d at 950 °C. They were subsequently quenched in cold water. Energy-dispersive analyses of the samples in a scan ning electron microscope did not reveal any im pu rity elements heavier than sodium and the Th/T ratios were within 3% of the ideal values.
The samples were characterized through their Guinier powder patterns. CuKc^ radiation was used with a-quartz (a = 491.30 pm, c -540.46 pm) as an internal standard. The identification of the diffraction lines was facilitated by intensity calcu lations [7] using the positional param eters of the refined structures. The lattice constants (Table I) were obtained by least-squares fits and were in good agreement with those determ ined on the four-circle diffractometer.
Structure Determination
Single-crystals of the three borides were isolated from the arc-melted, annealed, and crushed but tons. Their Laue and Buerger precession patterns were examined to establish their symmetry and their suitability for the data collections. They were found to be orthorhom bic and the extinction con ditions (reflections 0 k l observed only with k = 2n 0932-0776/95/0800-1195 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. 
pm (T h -T h , T h -T , T h -B ), 290 pm (T -B )
, and 240 pm (B -B ) are given. (6) and hOl only with h = 2n) led to the space groups Pbam and P b a2 , of which the centrosymmetric group Pbam (No. 55) was found to be correct dur ing the structure refinements. The intensity data were recorded on a four-circle diffractometer with graphite-m onochrom ated M oKa radiation and a scintillation counter with pulse-height discrimina tion. The background was determ ined at both ends of each 612 6 scan. Empirical absorption correc tions were made from psi scan data. Because of the poor scattering power of the boron atoms rela tively large data sets were collected, however, be cause many reflections at high 26 values were very weak, a large num ber of reflections was classified as "unobserved". The structure of Th2N iB 10 was determ ined first. The positions of the thorium atoms were located by a Patterson synthesis, the other atomic sites were obtained from difference Fourier maps. The structures of Th2FeB 10 and Th2C oB 10 were as sumed to be isotypic with Th2N iB 10, which was confirmed during the full-matrix least-squares re finements. The atomic scattering factors [8] were corrected for anomalous dispersion [9] . A param e ter correcting for isotropic secondary extinction was refined and applied to the calculated structure factors. In a series of least-squares cycles the occu pancies were allowed to vary together with the thermal param eters while the scale factor was fixed. No serious deviations from the ideal occu pancies were found and in the final least-squares cycles the ideal occupancy factors were assumed. 
Discussion
The ternary borides Th2FeB 10, Th2CoB 10, and Th2NiB10 seem to be the first compounds to be reported for the corresponding ternary systems [3, 11, 12] . Their structure is of a new type (Figs. 1  and 2 ), which has a great similarity with the CaB6 type structure. Interestingly, this is also the atomic arrangement found for the binary boride ThB6 [6] . This cubic structure contains B6 octahedra, which are linked via b o ro n -b o ro n bonds to form a three-dimensionally infinite boron network. In the Th2NiB10 type structure two adjacent boron atoms of ThB6(Th2B 12) are replaced by a nickel atom. The thorium atoms in the Th2N iB 10 type com pounds are coordinated by 20 boron and two tran sition metal atoms (Fig. 3) . The T h -B distances in the three isotypic compounds cover the range from 287.6 to 306.8 pm. The average T h -B dis tances of 295.9, 295.1, and 294.6 pm for the iron, nickel, and cobalt compounds, respectively, are practically the same. They are considerably shorter than the T h -B distance of 300.4(6) pm in ThB6 [13] . Thus, the different num ber of boron atoms in the coordination shell of the thorium atoms with 24 in ThB6 and 20 in the Th2N iB 10 type com- pounds is well reflected. This in turn indicates, that the T h -T interactions in the ternary borides are weak. And accordingly the corresponding T h -T distances do not compare well with the sums of the metallic radii [14] for the coordination num ber 12 (listed in parentheses) with T h -F e 304.2 (307.2), T h -C o 308.5 (305.0), and T h -N i 310.9 (304.4) pm. The thorium atoms are the most elec tropositive components of these borides, and the thorium atoms may be assumed to have largely transferred their four valence electrons to the metal-boron polyanion. Thus, in comparing these distances the metallic radius of thorium is not ap propriate. The relatively large difference between the T h -F e distance of 304.2 pm and the T h -N i distance of 310.7 pm also indicates the unim por tance of these interactions in view of the rem ark able small difference in the cell volumes of the two compounds: 0.2651 nm3 for Th2FeB 10 and 0.2640 nm3 for Th2NiB10. The differences in the T h -T distances are better rationalized by considering the environments of the transition metal atoms. These are surrounded by eight boron atoms forming a distorted square prism. This prism is streched along the pseudo fourfold axis to accommodate four thorium atoms at the "belt'' of the prism forming a (distorted) square. However, as already pointed out above,
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the T h -T interactions can at best be ascribed weak bonding character. The nickel atoms, as com pared to the iron atoms, have to accommodate two more electrons. It seems likely that these extra electrons are occupying non-bonding orbitals, which are extending towards the thorium atoms. These electrons may also be considered as occupy ing thorium-nickel antibonding states. In either case the T h -N i distances ought to be greater than the T h -F e distances. The average T -B distances on the other hand are rem arkably similar with 213.4, 212.3, and 214.1 pm for the iron, cobalt, and nickel compounds, respectively.
The boron atoms occupy four different atomic sites, all with a coordination num ber of nine. Four of these neighbors are always thorium atoms. In addition the B3 atom has five boron neighbors, while the other boron atoms are bonded to one transition metal and four boron atoms. It is w orth while to compare the b o ro n -b o ro n bonds of the ternary borides Th2T B 10 to those of binary CaB6 type borides. Recent structure refinements of LaB6 [15] and ThB6 [13] from single crystal data show, that the bond lengths of B -B bonds be tween adjacent B6 octahedra (165.9(1) pm in LaB6 and 161(1) pm in ThB6) are much shorter than the bond lengths of B -B bonds within the B6 octa hedra (176.6(1) pm in LaB6 and 175.7(8) pm in ThB6). Such a differentiation is also found in the structure of the three ternary Th2T B 10 borides. The short B -B bonds between octahedra cover the range from 165.3(9) to 172(1) pm with an average distance of 167.6 pm, while the longer B -B bonds within the octahedra vary between 174(1) and 179(1) pm with an average of 177.1 pm. The short bonds between the B6 octahedra may be regarded as classical two-electron bonds as was discussed before for the sem iconductor CaB6 and the metallic conductor LaB6 [15] [16] [17] .
